Introduction
Geophysical measurements yield a way of obtaining knowledge of the Earth's subsurface. They are normally presented as images or 2D surfaces and with the aid of theory and modelling they can be used to produce a 3D volume representation of a possible distribution of sources that generated the measured fields. Normally, at some part of this process two procedures are performed: a geological model made up from surfaces is manually constructed and mathematical inversion is used to validate it. Manual joining of interpreted surfaces is by far the most time-consuming part of building a 3D model; it requires an experienced geologist to construct complex geometries with digitisation tools. Each geologist generates a unique 3D model as the sources he interprets will fit his interpretation.
Curvature is a common theme in potential field interpretation, Phillips et al. (2007) , Cooper and Cowan (2009) , Cooper (2010) and Lee et al. (2013) have applied the concept of curvatures to estimate source location, depth and strike. The purpose of this paper is to show how to construct automatic 3D geophysical models based on curvatures of the equipotential surfaces defined by airborne gravity gradiometer (AGG) data without the need for manual work or inversion. These models will display gravity gradient information in a way that will aid interpretation of structural and lithological features, and estimation of the density distribution in the subsurface environment. The main goal is to assist the interpreter in the slowest part of interpreting AGG data: the construction of a 3D model. By quickly producing an initial unbiased 3D geophysical model the geologist will be able to see geometrical relations and will have surfaces at his disposal that he can then alter according to his interpretation. We will closely follow the curvature theory review from Cevallos et al (2013) and show the main results.
Theory
The curvatures of equipotential surfaces and their application to gravity gradiometry are well known in the study of differential geometry. Calculating the maximum and minimum curvatures that occur at unique orthogonal angles and averaging them yields a constant termed the mean curvature (Condi, 1999; Hofmann-Wellenhof and Moritz, 2006) 
(1) where K max and K min are the maximum and minimum curvatures respectively. It is important to note a difference in the definition of the sign of the mean curvature according to different authors; in differential geometry, positive mean curvature is defined with concavity facing upwards; exploration geophysics uses the opposite definition (positive mean curvature is defined with concavity facing downwards) because is practical to associate positive density contrasts with positive curvature (Roberts, 2001) . The difference between the maximum and minimum curvatures is termed the differential curvature (Slotnick, 1932; Condi, 1999) 
(2) In differential geometry the most characteristic curvature of a surface is the Gaussian curvature defined as the product of the maximum and minimum curvatures. From equations 1 and 2 (Dransfield, 1994) 
).
(3) As in the classical case of locating well-defined vertical faults using the zero contour of Φ zz (Evjen, 1936) , one would expect that along the boundary of a gravity source either the maximum or the minimum curvature would be zero and the zero contour of the Gaussian curvature should define the edges of sources.
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Curvatures can be combined to define local shape, for example K max and K min can be combined to form a shape index (Koenderink and van Doorn, 1992; Roberts, 2001 ) (S i ):
(4) Substituting equations 1 and 2 in equation 4:
(5) As mentioned before, it is important to note what definition for the sign of mean curvature is used. This index defines local shape independently from scale, and can be used to classify the morphology of the equipotential surface. It can be presented as an image with nine colours with each colour representing different morphologies of the equipotential surface in terms of bowl, valley, flat, ridge and dome shapes (Roberts, 2001 ) with positive shape index values associated with positive density contrasts. The shape index of the equipotential surface enhances subtle trends and surface patterns that would be very difficult to identify in other images (Cevallos et al, 2013) . If K max or K min are equal to zero, their substitution in Equation 4 yields: S i = (2/π)arctan(± 1) = ± 1/2.
(6) This result shows that the zero contour of the Gaussian curvature splits into the ± 1/2 contours of the Shape Index.
Spectral analysis (Spector and Grant, 1970; Gerard and Debeglia, 1975; Bhattacharyya, 1978) provides a technique for quantitative studies of magnetic or gravity data sets. Pseudodepth sections are derived from analysis of the log radially-averaged power spectrum of the data in the Fourier domain, which is a curve representing the amount of power in each wave number. Theoretically, the radially-averaged power spectrum can be broken up into a series of segments that approximate straight lines. Each of these segments can be related to the potential field signature of bodies at a particular depth, with the depth being proportional to the slope of the line. Once the straight-line segments have been identified, they are used to generate filters that are applied to the data in the wave number domain. Pseudodepth slices are then obtained by transforming the filtered Fourier spectra back into the space domain.
It can be shown that the power spectra of the curvature gradients Φ zz and [(Φ xx  Φ yy ) 2 + 4Φ xy 2 ] ½ is identical (While et al, 2006; Dransfield and Christensen, 2013) . This allows the following procedure: Spectral analysis is applied to both quantities to obtain their pseudodepth slices. Next, Equation 5 is used to calculate equivalent pseudodepth slices of the shape index. Finally, the equivalent pseudodepth slices of the shape index are interpolated to yield a 3D geophysical model.
Modeling
These ideas were tested using the synthetic model of Cevallos et al (2013) . Two 1 km model cubes were assigned density contrasts of ±1.0 g/cm 3 respectively in a 2.67 g/cm 3 background density. The cubes are separated by 1 km and have a depth to top of 100 m. The shape index is presented in Figure 1A ; note how positive shape index values are associated with positive density contrasts. Figures 1B, 1C, 1D , 1E and 1F show shape index pseudodepth slices at depths 125 m, 500 m, 1000 m and 2000 m respectively. They show that the shape index smoothness increases with depth and the dynamic range decreases with depth, that is, dome and bowl shape abundance diminishes with depth; this is a consequence of the equipotential surfaces becoming smoother if they are generated from deeper sources. They also show false high and low anomalies, false anomalies inside positions of bodies are a consequence of having an equipotential surface: if you have a high near a low (this model case) you will normally have an oscillatory behaviour in between the high and the low of the equipotential surface. All these behaviours of the shape index will occur independently of the actual behaviour of the density sources at depth and so it is extremely important to always keep in mind that curvatures and the shape index are directly linked to the equipotential surface and through it, indirectly to the density sources. 
Application
The method was applied to AGG data in the Glyde Basin, Northern Territory (Figure 2) . The 3D geophysical model was compared against a 3D Earth model from an independent geological interpretation in the southeast of the surveyed area (Kovac et al, 2014 ). This geological model was manually obtained and densities of lithologies were calculated using a 3D constrained inversion algorithm. Figures 3A, 3B , 3C and 3D show geological density model depth slices at depths 300 m, 500 m, 2500 m and 4700 m respectively. The 3D geological model exhibits abrupt density changes ( Figures 3B and 3C ) at boundaries defined by the interpretation. It also shows a homogenous bottom layer ( Figure 3D ), a necessity for inversion procedures. The 3D geophysical model exhibits two characteristics: one, it can generate well-defined surfaces at colour changes or isovalues; two, with depth the number of surfaces diminishes, that is, with depth some surfaces close or meld with each other.
Discussion
A 3D geophysical model based on curvatures of the equipotential surface provides us with direct and easily visualized information on the physics of the gravity gradiometry tensor. Curvature gradients relate the measured field directly to information of interest. The 3D geophysical model generated from them is easy to understand and visualize. It should be noted that in spectral analysis there is always leakage between different pseudodepth slices.
The application of the method shows that the geophysical model is more variable and smoother that the geological model, we have found this to be a general result. It is at the same time a strength and a weakness; its variations show some possibilities that may otherwise pass unnoticed but they could also add unnecessary detail or clutter at shallow depths.
Conclusions
The application of spectral analysis to curvatures gradients and the shape index allows the construction of a 3D geophysical model that immediately improves the understanding of location of mass and vertical edges, and provides an initial set of surfaces (independent of colour stretch) that can assist in the geological interpretation that is to follow.
